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APN: 076-174-009, AVILA BEACH AREA 
SAN LUIS OBISPO COUNTY, CALIFORNIA 

PROJECT SL03926-7 

1.0 INTRODUCTION 

This report presents the results of an update to 
the Geologic Evaluation of the Coastal Bluff for 
The Cottages of Point San Luis to be located off 
of Ana Bay Drive, APN: 076-174-009, in the 
Avila Beach area of San Luis Obispo County, 
California. See Figure 1: Site Location Map for 
the general location of the project area. Figure 1: 
Site Location Map was obtained from the 
computer program Topo USA 8.0 (DeLorme, 
2009). The purpose of this evaluation was to 
determine the geologic coastal bluff hazard on 
the property and determine the geologic rate of 
bluff erosion or retreat for a minimum 100-year 
period. 

1.1 Site Description 

The Cottages at Point San Luis is located at 
35.1797 degrees north latitude and -120.7440 
degrees west longitude at a general elevation of 
175 to 300 feet above mean sea level. The 
property is roughly rectangular in shape. Access 
to the property is provided by a private unpaved 
access road off of Ana Bay Drive, which is 
located along the east side of the property. The 
private unpaved access road leads uphill before branching off towards an existing single-family residence 
to the east and also north towards Wild Cherry Canyon. The site is located within a Geologic Study Area 
(GSA) as observed in the referenced Land Use Element Map (County of San Luis Obispo, 1996).   
 
The topography at the Site slopes downward to the south and west. At the existing unpaved access road the 
slope decreases to near level for approximately 500 feet before sloping steeply downward toward Avila 
Beach Drive. Surface drainage follows the topography southwest toward Wild Cherry Canyon, which 
drains into San Luis Bay.  There is an existing single family residence currently located on the property, 
but not in the proposed development area. The proposed building area is currently vacant and covered with 
annual grasses.  
 
In 2011, removal and re-grading of the bluff was performed by the County of San Luis Obispo due to slope 
failures from intense storms in 2010. Kane GeoTech, 2011 performed a visual assessment of the slope and 
resulted in the following conclusions “Approximately 1500-yds3 of material translated downslope in the 
two storm events as identified above and formed a debris fan at the base of the slope.” They also identified 

 

Figure 1: Site Location Map 

SITE 
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“A marginally stable mass estimated to be approximately 2600-yds3 remain near the top of the slope. The 
mass is over-steepened and unsupported and will likely fail in the near future.” Grading was performed by 
the County of San Luis Obispo including removal of the marginally stable mass at the top of bluff and 
constructing a 1:1 buttress fill slope along the base of the slope. Documentation of the work performed was 
not available at the time of this report. Figure 2 and 3 shows a photograph of the site before and after 
grading (Adelman, 2002-2015). 

1.2 Project Description 

It is our understanding that the project will consist of fifty (50) bungalow style cottages and a supporting 
hospitality building (main lodge) including; a restaurant, spa, banquet rooms, yoga studio, laundry 
facilities, pool with bar and gift shop. There is an existing single-family residence currently located 
immediately north of the property, not in the proposed development area. At the time of the preparation of 
this report, the proposed cottages and hospitality building are to be constructed using light wood framing. 
Retaining walls are expected to be constructed as part of this project.  The project property will hereafter 
be referred to as the “Site.”   

 
Figure 2: Photograph of the Site – 2015 (Adelman, 2002-2015) 

SITE 
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Figure 3: Photograph of the Site – 2005 (Adelman, 2002-2015) 

2.0 CONCLUSIONS  

At the time of our study, it is our understanding that the resort development is proposed in the site area.  As 
no development plans were available, no determination of suitability of proposed building areas are 
provided.  Generally, site development usually contributes to a decrease in top of bluff erosion by 
decreasing the volume of uncontrolled surface water runoff.  General recommendations regarding proposed 
development are provided and should improve and promote stability of the site and specifically the 
adjacent coastal bluff.  The following conclusions are offered regarding the Site.  

2.1 Geologic Conditions 

Formational units consisting of the Marine Terrace Deposits (Qt/Qop2), Squire Member of the 
Pismo Formation (Tps) and Franciscan Complex pillow basalt (Jfv) were encountered at the 
property.  Plate 1, Site Engineering Geologic Map, depicts geologic conditions at the property. The 
adjacent bluff extending down to Avila Beach Drive exposes a thin veneer of colluvium overlying 
very thick sequence marine sedimentary rocks of the Squire Member of the Pismo Formation.  
Bluff geometry varies from nearly vertical to approximately 1:1 (horizontal:vertical).  Surface 
materials at the property consist of colluvium composed of weathered underlying formational 
material, alluvium in drainages, and fill along the roadway alignments.  Based upon observations 
during the field investigation, excavation may be by conventional grading equipment although 
localized hard rock conditions should be expected.  The area of the property investigated is 
currently partially developed with access roadways, however, it is primarily pastureland vegetated 
with native grasses, bushes, and oak trees.   

SITE 
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2.2 Bluff Retreat Rates 

A site-specific average current bluff erosion rate of unprotected bluff was calculated where 
adjacent to the site.  It is anticipated that the “estimated foreseeable” erosion rates will continue at 
this measured rate.  The bluff is actively retreating along the bluff face adjacent to the Site and is 
expected to continue this rate.  As a conservative value, the bluff retreat rate is separated into 
western and eastern portions (separation boundary is located 80 feet west of profile A, see Plates 1 
and 3).  The retreat rate of 0.36 feet per year was determined for the western portion and 0.59 feet 
per year for the eastern portion.  For a period of 100 years, a retreat of approximately 36 feet for 
the western portion and 59 feet for the eastern portion may be anticipated (0.36 feet per year x 100 
years/0.59 feet per year x 100 years).  An additional 23-foot slope stability buffer (see Section 9.1) 
is added to this 100-year retreat, so an approximate setback for development based upon retreat 
would be 59 and 82 feet (western portion and eastern portion respectively).  Plate 1 through 4 
depict the 100-year setback with the additional 23-foot slope stability buffer as measured from the 
top of bluff. Due to grading of the bluff, the top of bluff has changed along the western portion 
from the original report. The new top of bluff and setback line are depicted on Plate 1.   

2.3 Landslides and Liquefaction 

The San Luis Obispo County Safety Element maps the property within a low potential landslide 
hazard zone (San Luis Obispo County Department of Planning and Building, 1999).  Hall, 1973, 
Dibblee, 2006, and Wiegers, 2011 have not mapped a landslide in the vicinity the Site.  Hanson et 
al., 1994 mapped a landslide along the northwestern boundary of the property near the intersection 
of the access road and Ana Bay Drive. If future development is proposed near this area, an 
additional investigation should be prepared in this area to verify the presence and extents of the 
landslide. No evidence of landslides was observed on photographs in the vicinity of the site.  

Previous storm events formed instabilities and debris at the base of the slope along Avila Beach 
Drive at the Site. In 2011, debris was removed and re-graded forming a buttress fill at the base of 
the slope. Due to the quality of the rock units, geologic structure of the Squire Member of the 
Pismo Formation units, and re-grading of the slope, the landslide potential at the Site is considered 
low with the exception of the vicinity of the existing landslide facing Ana Bay Drive.  

The liquefaction potential at the Site is considered low due to the presence of near-surface Pismo 
Formation materials and the presence of significant clay fraction in the colluvium.  The San Luis 
Obispo County Safety Element identifies the property as being within low potential liquefaction 
hazard zone (San Luis Obispo County Department of Planning and Building, 1999). 

2.4 Faulting and Seismic 

The potential for ground rupture at the Site during ground shaking from a fault passing through the 
site is considered low since no known fault passes through the site.  The closest known active 
Quaternary age fault is the Los Osos fault located approximately 4.5 miles northeast of the Site 
(Jennings, 2010).  The subject site is not located within an Earthquake Fault Zone. Lettis et al., 
1994 and Wiegers, 2011 maps the San Luis Bay Fault through the southeast corner of the property. 
The Site Class for the property is C.  The Seismic Design Category for the property is D.   
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2.5 Tsunami and Flooding 

The potential for a tsunami to affect the Site is low due to elevation, approximately 175 to 300 feet 
above sea level.  Flooding associated with a seismic event is generally considered low due to the 
absence of a body of water upslope of the property. 

2.6 Groundwater and Drainage 

No free flowing water was observed along the bluff face.  The property maintains a southerly and 
westerly surface gradient toward the top of the bluff.  Rill or gully erosion was observed on the 
bluff face and an erosion gully is located in the central portion of the site.  This gully reflected past 
grading operations that collected water along the on-site driveway, diverting it into the natural 
gully.  This natural gully then concentrated the flow onto a constructed terrace which diverted it to 
the base of the bluff.  Isolated willow trees were noted at several locations at the top of the slope.  
This indicated short term periods of perched water discharge onto the bluff face from colluvium at 
the break in slope. 

 

3.0 GEOLOGIC RECOMMENDATIONS 

The following are recommended for implementation at the Site. 

1. It is recommended that proposed development be setback the combined distance of the 
100-year retreat rate with an additional buffer factor of 23-feet as measured from the 
existing bluff top. This would be a setback of 36 feet for the western portion and 59 feet 
for the eastern portion plus an additional 23-foot slope stability buffer for a resulting 
setback would be 59 and 82 feet (western portion and eastern portion respectively).  Plate 
1 and 3 depict the 100-year setback with the additional 23-foot slope stability buffer as 
measured from the top of bluff. This setback line should be established in the field as a 
series of stakes prior to initiation of construction and for layout of all structures. 

2. As grading and drainage plans (including but not limited to building size and location, 
number of stories, intended foundation plans, retaining walls, infrastructure 
improvements, and landscape improvements) for the development and roadway become 
available, it is recommended that the engineering geologist conduct a preliminary plan 
review regarding the locations of proposed improvements and development.    

3. A final plan review is recommended to verify that recommendations from subsequent 
engineering geology reports including the preliminary plan review were implemented. 

4. It is recommended that foundations for proposed development (or the keyways and 
benches of fill slopes) be founded into competent formational units and be in conformance 
with the project soils report. 

5. Building foundation setbacks from slopes are recommended to follow 2013 California 
Building Code guidelines.  Slope stability analysis may provide alternate setbacks 

6. It is recommended that concentrated surface water not be allowed to flow uncontrolled 
over the top of the bluff. Gutters are recommended along eaves of rooflines. Gutter 
downspouts should not allow concentrated drainage to discharge near the foundations but 
should be conveyed in solid piping that extends at least to the formational unit platform 
along Avila Beach Drive or approved alternate.  A drainage swale or approved alternate 
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berm is recommended to be constructed along the top of the bluff and surface drainage 
should be directed to a drop-inlet(s) that discharges to the formational unit below or 
approved alternate 

7. Rock rip-rap is recommended for concentrated drainage outfall locations that do not 
discharge onto paved surfaces. It is recommended that geotextile fabric (Enkamat 7010 or 
similar) be placed underneath the rip-rap and installed per the manufacturer’s 
recommendations. 

8. Seepage is anticipated along the interface of the surface colluvial/fill materials and the 
underlying formational units. Isolated seepage within formational units should also be 
anticipated. Surface drainage facilities (graded swales, gutters, positive grades, etc) are 
recommended at the base of cut slopes that allow surfacing water to be transferred away 
from the base of the slope. The project designer is recommended to offer specific design 
criteria for mitigation of water drainage behind walls and other areas of the site.  This is 
especially imperative upslope of retaining walls for residences. Subsurface drainage 
systems should not be connected into conduit from surface drains and should not connect 
to downspout drainage pipes.  

9. At the time of Site development, the Engineering Geologist should periodically observe 
grading and improvement construction operations to confirm assumptions of this report. 

10. Conventional grading equipment may be used for excavations.        

11. It is recommended that proposed design of the site improvements be completed by a civil 
engineer knowledgeable in surface drainage control.   

12. Surface drainage should be controlled to prevent concentrated water-flow discharge onto 
either natural or constructed slopes. Surface drainage gradients should be planned to 
prevent ponding and promote drainage of surface water away from building foundations, 
edges of pavements and sidewalks or natural or man-made slopes. For soil areas we 
recommend that a minimum of two (2) percent gradient be maintained.  

13. Excavation, fill, and construction activities should be in accordance with appropriate 
codes and ordinances of the County of San Luis Obispo. In addition, unusual subsurface 
conditions encountered during grading such as springs or fill material should be brought to 
the attention of the Engineering Geologist and Soils Engineer. 

14. A final grading report and as-built map is recommended in accordance with County 
Guidelines for Engineering Geology Reports, Item 29 (San Luis Obispo County 
Department of Planning and Building, 2013). 

4.0 PURPOSE AND SCOPE 

The purpose of this investigation was to evaluate engineering geologic hazards at the Site and to develop 
conclusions and recommendations regarding site development. The scope of this investigation consisted of: 

1. Review of historical aerial photographs, pertinent published and unpublished geotechnical studies 
and literature, and geologic maps for the subject project area. 

2. Geologic reconnaissance of the property and adjacent areas on December 16, 2015. 
10 
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3. Verify the bluff edge, long-term bluff retreat rate based upon aerial photograph interpretation, and 

setback for slope stability. 

4. A review of regional faulting and seismicity hazards. 

5. A review of landslide potential, surface and groundwater conditions, and liquefaction hazards.  

6. Development of recommendations for site preparation. 

7. Preparation of this report that summarizes our findings, conclusions, and recommendations 
regarding engineering geology aspects of the project. 

5.0 ENGINEERING GEOLOGY 

5.1 Regional Geology 

The Site is located in the vicinity of the San Luis Range of the Coast Range Geomorphic Province 
of California. The Coast Ranges lie between the Pacific Ocean and the Sacramento-San Joaquin 
Valley and trend northwesterly along the California Coast for approximately 600 miles between 
Santa Maria and the Oregon border.  

The Site lies within geologic terrain known as the Irish Hills Sub-block of the San Luis/Pismo 
Structural Block (Lettis and Hall, 1994).  The block is bordered on the north by the Los Osos Fault 
Zone and to the south by the Hosgri Fault Zone.  Past tectonic activity along these and other faults 
in the vicinity have created complex structural and stratigraphic relationships between the various 
rock units.  The principal structural features that account for bedrock and related topography in the 
area are the Pismo syncline, the Edna fault, the Los Osos fault, San Luis Bay fault and the Hosgri 
fault.  

5.2 Local Geology 

Locally, the site is underlain by units of Marine Terrace Deposits, Pismo Formation and 
Franciscan Complex.  Hall, 1973, Hanson et al., 1994, Dibblee, 2006, and Wiegers, 2011 (see 
Plate 1) have mapped the specific site as Pleistocene age (1.8 million years before present {mybp} 
to 10,000 years before present) Marine Terrace Deposits (Qt), Upper Pliocene age (3.6-1.8 mybp) 
Squire Member of the Pismo Formation (Tps) and Jurassic age (206-144 mybp) Franciscan 
Complex (Jfv) units. Our investigation of the area encountered units of the Marine Terrace 
Deposits, Pismo Formation and Franciscan Complex.  Information derived from subsurface 
exploration was used to classify subsurface soil and formational units and to supplement geologic 
mapping.  

5.2.1 Surficial Units 

Dark brown silty SAND (SM) with clay was observed as surficial deposits along slopes of 
the property and within borings, which is termed colluvium (Qc). Boring logs exposed 
approximately 0 to 9 feet of surficial colluvium. 
 
Fill was encountered along Avila Beach Drive and along the dirt access road in the area of 
the erosion gully. The extent of the fill is mapped on Plate 1. Development is not proposed 
in the vicinity of fill with the exception of the access road. As no documentation is 
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available from the construction of the roadway it is assumed the fill was not engineered, 
however the roadway was observed in aerial photographs to be graded prior to 1939 with 
no evidence of instability. Recommendations can be provided during a plan review of the 
grading plans.       

5.2.2 Formational Units  

Formational units were exposed within the bluff face and consist of units of the Pismo 
Formation. Plate 1, Site Engineering Geology Map, depicts the site as within Marine 
Terrace Deposits, Pismo Formation and Franciscan Complex. Plates 2A, 2B present cross 
sections through the site.  
 
Wiegers, 2011 describes the Old Paralic Deposits (Marine Terrace Deposits) (Qop2) as 
“Marine terrace deposits consisting of beach and nearshore sands and gravels covered by 
colluviums and alluvium. These deposits rest on emergent wave-cut platforms preserved 
by regional uplift. Marine deposits consist of well-sorted sand and gravel locally 
containing fossils and shell fragments.”  The Marine Terrace Deposits (Qm) at the site 
consisted of light gray silty SAND (SM) with gravel encountered in a slightly moist 
condition.  Thickness of the Marine Terrace Deposits is approximately 25 feet (Hall, 
1973); and is approximately this thickness as exposed in the cut slope along Avila Beach 
Drive.   
 
Wiegers, 2011 describes the Squire Member of the Pismo Formation (Tps) as “Massive, 
white, calcareous, fine- to medium-grained, quartzose to arkosic, silty sandstone. Sand 
grains subrounded to subangular; 75-80% quartz, 15-20% feldspar, less than 15% mafic 
minerals (Hall, 1973). Contains lenses of white, well-rounded pebbles and cobbles of 
Monterey and Obispo Formation clasts north of Edna Fault.Basal conglomerate of 
rounded chert and basalt cobbles near mouth of San Luis Obispo Creek.”  The Squire 
Member of the Pismo Formation (Tps) at the site consisted of pale green sandstone, fine to 
coarse grained, slightly to moderately weathered (W3-W5), and soft to very soft (H6-H7) 
to dark gray claystone, fresh to slightly weathered (W1-W3), and soft to moderately soft 
(H6-H7).  Thickness of the Squire Member of the Pismo Formation is approximately 550 
feet (Hall, 1973); and approximately 300-feet as indicated on the attached profiles.   
 
Wiegers, 2011 describes the Franciscan Complex 
(v) as “Chaotic mixture of fragmented rock masses 
embedded in a penetratively sheared matrix of 
argillite and crushed metasandstone. Individual 
rock masses contained in the matrix range from 
less than a meter to kilometers in scale. Blocks 
large enough to be shown on map include high grade blueschist (bs), greenstone (mv), 
pillow basalt (v), greywacke (gw) and chert (ch). Penetrative deformation of matrix 
postdates metamorphism of enclosed rock masses.”  Thickness of the Franciscan Rocks is 
greater than 2000 feet (Hall, 1973); however the thickness at the site is unknown but this 
is considered the basement unit for this geologic terrain. 
 
Structural attitudes were obtained at the Site within the formational unit. Table 1 lists the 
attitudes that were obtained at the site. Hall, 1973 and Wiegers, 2011 mapped a structural 
attitude of N45°E/15°N and N30°E/15°N respectively at the site. Cross section A-A’ 
through G-G’ on Plate 2A and 2B presents subsurface interpretations of the area.  Based 
on bedding attitudes at and north of the site it is interpreted that a plunging syncline 

Structure Strike Dip 
Bedding N15°E 20°W 
Bedding N70°E 22°W 

Table 1: Fracture Measurements 
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extends through the site, plunging to the west.  
 
Nine borings were previously drilled for the referenced Preliminary Soils Engineering 
Report (GeoSolutions, Inc., November 19, 2004) and Soils Engineering Update Report 
(GeoSolutions, Inc., May 29, 2008) to determine the depth to formational units and 
determine the quality of the formational material. Plate 1 depicts Squire Member of the 
Pismo Formation (Tps) throughout the property with colluvial (Qc) cover.  Boring logs are 
presented in Appendix A.  Rock and fracture descriptors are within Appendix A. 

5.3 Surface and Groundwater Conditions 

Surface drainage on the western portion of the property follows the topography west to Wild 
Cherry Canyon, which drains into San Luis Obispo Bay.  The southerly portion of the property 
follows the topography to the south, except as intercepted by the access roadway, then over the 
natural bluff to Avila Beach Drive below.  The eastern portion of the property follows the 
topography to the east, except as intercepted by the access roadway, then down the natural slope to 
Ana Bay Drive below. Rill or gully erosion was observed on the high southerly bluff face and an 
erosion gully is located in the central portion of the site.  Drainage outfall from concentrated 
drainage should be directed away from the bluff face and toward the existing access road.  This 
gully reflected past grading operations that collected water along the on-site driveway, diverting it 
into the natural gully.  This natural gully then concentrated the flow onto a constructed terrace 
which diverted it to the base of the bluff.  Isolated willow trees were noted at several locations at 
the top of the slope.  This indicated short term periods of perched water discharge onto the bluff 
face from colluvium at the break in slope.  No springs or seeps were observed at the project at the 
time of our site investigation.  It is assumed that for the analyses of this report, static groundwater 
level is defined by sea level immediately to the south, San Luis Creek to the east, and the bottom 
of Wild Cherry Canyon to the west.  Periods of water perched within the colluvium maybe 
expected during wet winter periods but not of sufficient duration to substantial accumulate within 
the underlying formational units.  

5.4 Active Faulting and Coseismic Deformation 

The Alquist-Priolo Earthquake Fault Zoning Act passed in 1972 requires that the State Geologist 
establish Earthquake Fault Zones around the surface traces of active faults and to issue appropriate 
maps. The closest Earthquake Fault Zone is on a section of the Santa Ynez fault located 
approximately 13.0 miles northwest of the Site. The subject site is not located within an 
Earthquake Fault Zone (Jennings, 2010). 
 
Table 2: Distance and Moment Magnitude of Closest Faults 

Closest Active Faults to Site 
Approximate Distance from Site 

to Active Fault 
Moment 

Magnitude 
Los Osos Fault 4.5 miles 7.0 

Hosgri Fault 4.5 miles 7.5 
San Andreas 43.0 miles 8.0 

The closest known active Quaternary age fault is the Los Osos fault located approximately 4.5 
miles northeast of the Site.  However, the closest known active portion of a Holocene age fault is 
the active Los Osos fault that is located approximately 6.0 miles northeast of the Site (Jennings, 
2010).  The San Andreas fault is the most likely active fault to produce ground shaking at the Site 
although it is not expected to generate the highest ground accelerations because of its distance 
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from the Site. Plate 7 depicts historical epicenters in the vicinity of the site (Toppozada et al., 
2000). 

5.4.1 San Luis Bay Fault 

The San Luis Bay fault is a generally east-west trending reverse fault that displaces and 
locally warps late Quaternary marine terraces near the community of Avila Beach.  It is 
poorly expressed geomorphically and is observed only in one location near Avila Beach 
along the west side of the mouth of San Luis Obispo Creek.  The fault displaces marine 
terrace and overlying colluvial deposits.  Structural data and sea floor samples suggest that 
the fault terminates approximately 2-miles southeast of Avila Beach and is not directly 
continuous with the Wilmar Avenue fault.  The long-term slip rate of the San Luis Bay 
fault varies from 0.02 to 0.11 mm/yr with a recurrence interval of 35,000 years for a Mw6 
earthquake (PG&E, 1998).  However, the range of slip is comparable to Wilmar Avenue 
fault activity and suggests a low degree of activity (Lettis, 1990).  This fault demonstrates 
post-late Pliocene displacement. Jennings, 2010 depicts the San Luis Bay fault as showing 
evidence of displacement during late Quaternary time. 

5.4.2 San Miguelito Fault 

The San Miguelito fault has been mapped near the property boundaries by several authors 
(Hall, 1973; Lettis, 1994; Wiegers, 2011).  The San Miguelito fault is a 9-km-long, west-
northwest-trending zone of branching fault strands that juxtaposes Miocene and Pliocene 
age volcanic and sedimentary rocks.  It is interpreted as a high-angle, generally northeast-
dipping fault zone with predominately normal dip-slip displacement (Hall, 1973, Lettis et 
al., 1994, Wiegers, 2011). The northwestern part of the San Miguelito fault as mapped by 
Hall is characterized by intense folding and some localized shearing, but no mappable 
fault traces.  Trench investigations conducted by Lettis et al, 1994 correlated stratigraphic 
displacements across this fault that indicates a significant amount of strike-slip 
deformation which post-dates the normal deformation.   

 
Faulted upper Pliocene rocks of the Pismo Formation show that movement along the San 
Miguelito fault has occurred since the late Pliocene.  However, trenching studies and 
detailed bedrock and marine-terrace mapping performed by Lettis et al, 1994 show that the 
San Miguelito fault is not an active late-Quaternary structure.  Detailed mapping of the 
southern extent of the fault at Mallagh Landing (Pirates Cove Area-Approximately 1 mile 
to east) provides evidence of no late Quaternary movement along the fault.  Other data 
provide evidence that the San Miguelito fault has had no displacement over the past 
120,000 years and probably has had no movement during the late Quaternary (to 700,000 
ybp, Lettis et al., 1994).  The San Luis Obispo County Safety Element (San Luis Obispo 
County Department of Planning and Building, 1999) lists the San Miguelito fault as 
potentially active (movement within the last two million years).  

5.5 Landslides 

The San Luis Obispo County Safety Element maps the property within a low potential landslide 
hazard zone (San Luis Obispo County Department of Planning and Building, 1999).  Hall, 1973, 
Dibblee, 2006, and Wiegers, 2011 have not mapped a landslide in the vicinity the Site.  Hanson et 
al., 1994 mapped a landslide along the northwestern boundary of the property near the intersection 
of the access road and Ana Bay Drive. If future development is proposed near this area, an 
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additional investigation should be prepared in this area to verify the presence and extents of the 
landslide. No evidence of landslides was observed on photographs in the vicinity of the site.  

Previous storm events formed instabilities and debris at the base of the slope along Avila Beach 
Drive at the Site. In 2011, debris was removed and re-graded forming a buttress fill at the base of 
the slope. Due to the quality of the rock units, geologic structure of the Squire Member of the 
Pismo Formation units, and re-grading of the slope, the landslide potential for the proposed 
development is considered moderate. Proposed development is to be setback from the top of bluff 
as discussed in Section 8.3 as a mitigation for the landslide potential.    

5.6 Flooding and Severe Erosion 

The Flood Insurance Rate Map (FEMA, 2012) depicts the base of the bluff to be within the 100-
year flood zone. The zone is identified as Zone VE which is the coastal flood zone with velocity 
hazard (wave action) with a base flood elevation of 20 feet.  Based on the Federal Emergency 
Management Agency Flood Insurance Rate Map there is a low potential for flooding at the Site 
(FEMA, 2012). 
 
The surficial and formational deposits are subject to erosion where not covered with vegetation or 
hardscape. The potential for severe erosion is low considered provided that vegetation and erosion 
control measures are implemented immediately after the completion of grading. Surficial drainage 
should be prohibited from flowing over the top of bluff to reduce erosion. 

5.7 On-site Septic Systems 

No septic system is proposed.  The project will utilize a community sewer system. 

5.8 Hydrocollapse of Alluvial Fan Soils 

The potential for hydrocollapse of subsurface materials is considered low due to the absence of 
alluvial fan material at the Site.   

6.0 SEISMOLOGY AND CALCULATION OF EARTHQUAKE GROUND MOTION 

6.1 Seismic Hazard Analysis   

According to section 1613 of the 2013 CBC (CBSC, 2013), all structures and portions of 
structures should be designed to resist the effects of seismic loadings caused by earthquake ground 
motions in accordance with the Minimum Design Loads for Buildings and Other Structures  
(ASCE7) (ASCE, 2010). ASCE7 considers the most severe earthquake ground motion to be the 
ground motion caused by the Maximum Considered Earthquake (MCE) (ASCE, 2010), which is 
defined in Section 1613 of the 2013 CBC to be short period SMS and 1-second period SM1, spectral 
response accelerations. 

The amax of the Site depends on several factors, which include the distance of the Site from known 
active faults, the expected magnitude of the MCE, and the Site soil profile characteristics.  

As per section 1613.3.2 of the 2013 CBC (CBSC, 2013), the Site soil profile classification is 
determined by the average soil properties in the upper 100 feet of the Site profile (ASCE 7). Based 
on the (N1)60 values calculated for the in-situ tests performed during the field investigation, the Site 
was defined as Site Class C, Very Dense Soil & Soft Rock profile per ASCE 7 Chapter 20.  
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According to section 11.2 of ASCE7 and section 1613 of the 2013 CBC (CBSC, 2013), buildings 
and structures should be specifically proportioned to resist Design Earthquake Ground Motions 
(Design amax). ASCE7 defines the Design amax as “the earthquake ground motions that are two-
thirds of the corresponding MCE ground motions” (ASCE, 2006, p. 109). Therefore, the Design 
amax for the Site is equal to SD1=0.423 g and SDS=0.886 g, which are 1-second period and short 
period design spectral response accelerations that are equal to two-thirds of the amax or MCE for 
the Site.  

Site coordinates of 35.1797 degrees north latitude and 120.7440 degrees west longitude and a 
search radius of 100 miles were used in the probabilistic seismic hazard analysis. 

6.2 Structural Building Design Parameters 

Structural building design parameters within chapter 16 of the 2013 CBC (CBSC, 2013) and 
sections 11.4.3 and 11.4.4 of ASCE7 are dependent upon several factors, which include site soil 
profile characteristics and the locations and characteristics of faults near the Site. As described in 
section 6.1 of this report, the Site soil profile classification was determined to be Site Class C. This 
Site soil profile classification and the latitude and longitude coordinates for the Site were used to 
determine the structural building design parameters. 

Spectral Response Accelerations and Site Coefficients were obtained from the Seismic Hazard 
Curves and Uniform Hazard Response Spectra, U.S. Seismic Design Map computer application 
(USGS, 2013); this program is available from the  United States Geological Survey website 
(USGS, 2013). This computer program utilizes the methods developed in the 2010 ASCE 7 and 
user-inputted Site latitude and longitude coordinates to calculate seismic design parameters and 
response spectra (both for period and displacement), for Site Classifications A through E. Analysis 
of the Design Spectral Response Acceleration Parameters for the Site and of the Occupancy 
Category for the proposed structure assign to this project a Seismic Design Category of D per 
Tables 1613.3.5(1) and 1613.3.5(2) of the 2013 CBC (CBSC, 2013). 

The site specific MCE peak ground acceleration (PGAM) as determined by the USGS computer 
program (web based) PGAM = 0.564 g which is present on Sheet 5 of 6 of the USGS Design Maps 
Detailed Report (ASCE 7-10 Standard). See Appendix C: USGS Design Maps Summary and 
Detailed Report. 

7.0 LIQUEFACTION 

Due to the densities within the sub-surface material and the presence of clays in the subsurface, the 
liquefaction potential at the Site is considered low.  

8.0 COASTAL HAZARDS 

8.1 Bluff Erosion and Retreat Processes 

Bluff erosion and sea cliff retreat along the central coast of California is generally controlled by a 
combination of factors including: rock type, geologic structure, soil type, bluff height, direction 
and magnitude of wave attack, coastline configuration, surf zone profile, amount of surface runoff 
over bluff tops, degree of water seepage, and other adverse man-made conditions. The effects of 
erosive agents acting on the bluff are greater on weaker rock types or soils.   
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The principal causes of sea cliff erosion and retreat along the bluff-top include the forces of natural 
erosion and weathering of the colluvium and Squire Member of the Pismo Formation and wave 
attack concentrated at the base of the bluff.  Static and Intrinsic sea cliff erosion are on-going 
active processes that act upon sea cliff bluffs.  Static erosion is a process whereby a loss of soil 
strength is exacerbated through increased pore water within the soil. This is seen as surficial 
instability and rock falls within a sea cliff.  This process is controlled by the availability of surface 
and subsurface water to the face of the sea cliff.   

Marine Terrace Deposits tend to fail by slumping when they become over-weighted by 
precipitation during winter seasons and when there is no support from underlying sediments. Less 
significant erosional agents involved in bluff erosion include direct impact of precipitation on the 
cliff face, runoff down the cliff face, and sapping and winnowing of soils in areas of ground-water 
seepage. 

Bluff erosion at the Site is also based upon the ability of the formational units of the Squire 
Member and Franciscan Complex to resist wave attack. Storm surge coupled with large wave 
activity acts to weaken, dislodge, or even remove sections of the formational units or Marine 
Terrace Deposits. Wave energy, especially winter storm wave activity, exacerbates erosion on the 
Squire Member of the Pismo Formation. Wave erosion to the bluff has been significantly 
decreased after improvement to Avila Beach Drive in 1970 due to widening as well as installation 
of rip-rap to protect the roadway. 

Intrinsic erosion is a process of rock and soil weathering due to chemical reaction with available 
water. This is the process that accounts for loosening, spalling, flaking, granulation, and 
pulverization of the colluvium and Squire Member due to cycles of wet-dry, alkali-acid, and heat-
cold conditions. Intrinsic weathering is the cause of colluvium or formational unit breakdown, 
resulting in accumulation of slope wash debris along bluff faces.   

Other parameters involving erosion include geologic units, bluff geometry, wave action, coastal 
configuration, surface drainage, and seismicity. The following is a brief discussion of the factors 
and how they relate to the subject area. 

8.1.1 Surficial Drainage 

In the current state, surficial drainage is directed toward the bluff top and acts as one of 
the primary mechanisms for bluff erosion. Accelerated rates of cliff erosion will occur 
along the bluff top as long as surficial drainage is unchecked. Surface drainage from the 
top of bluff should be directed to surface drainage inlets via onsite drains and pipes. 
Development usually reduces the amount of erosion of the colluvium and Squire Member.  

8.1.2 Coastal Configuration 

The predominant wave direction along the Central California coastline is from the 
northwest during the spring, summer, and fall months. During the winter months, wave 
direction can either be from the northwest or southwest, depending upon the source of the 
current offshore storm. As this area faces south, it would be expected to receive wave 
action from southern storms.  The current configuration of the coastal bluff is located 
along the south side of Avila Beach Drive.  The portion of this major county maintained 
arterial link to Diablo Canyon Nuclear Power Plant adjacent to the site contains a rip rap 
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coastal protection structure.  This serves to mitigate the potential for wave attack at the 
base of the existing coastal bluff. 

8.1.3 Seismicity 

The Site, like all other sites in the general area, can be affected by moderate to major 
earthquakes centered on one of the known large Holocene age active faults listed in Table 
2. The maximum moment magnitudes are expressed, although any event on these faults 
could result in moderate to severe ground shaking at the subject property. Ground shaking 
can weaken bluff material. Material within the bluff may become dislodged and may 
tumble due to a seismic event. Due to the long interval between seismic events, the long-
term retreat rate would not be substantially affected. 

8.2 Bluff Retreat Rates 

A bluff retreat rate was determined during the previous Geologic Coastal Bluff Evaluation 
(GeoSolutions, May 30, 2008). While the top of bluff has been altered during removal of the 
unstable mass along the bluff performed by the County of San Luis Obispo in 2011 the remainder 
of the bluff top has not been altered since the original investigation. Therefore the bluff retreat rate 
is anticipated to be the same as determined in the referenced report however the top of bluff has 
been relocated due to the previous grading. The original bluff retreat analysis is described below.  

The bluff within the study area is actively eroding and is expected to continue to retreat. A historic 
bluff retreat rate for the Site based upon a reliable aerial photograph evaluation was completed. 
Our evaluation required site-specific research, with an established rate based upon the actual data 
interpretation by a Certified Engineering Geologist with experience and knowledge of coastal 
processes and local bluff conditions.   

An aerial photogrammetric investigation was conducted to determine the long-term retreat rate of 
the bluff in the vicinity of the proposed residence.  A residence is apparent north of the subject 
property in a 1939 aerial image; aerial photography was determined to be the best option to 
determine bluff erosion through time.   

8.3 Aerial Photo Analysis 

Aerial photographs dated 1939, 1949, 1956, 1960, 1971, 1989, 1994, and 2002 were reviewed for 
use in this analysis.  The existing residence and oil pier near the site was observed in the aerial 
photographs.  As completed by RRM Design Group of San Luis Obispo, the topographic map was 
imposed on the aerial photographs aligning the existing residence and oil pier.  The historical bluff 
edge was compared with the present bluff edge to determine the change in bluff location over a 
defined period in time.  This change in location was converted to rate of retreat by dividing the 
distance of location change by the time period.  It is recognized that there is a limit to accuracy 
involved in the procedure of aligning the images and topographic map.  Clarity, exact bluff 
location, and lack of features add to uncertainty in defining the bluff edge.  Limits of accuracy of 
the interpretation of the bluff edge are recognized with the addition of a buffer (in this case 10 
feet) to the bluff retreat rate and conservative (rounding up) values used in calculations.  

There appears to have been modifications to the existing bluff through time but the bluff appears 
to have been unmodified since 1970 Avila Beach Drive roadway improvements.  Based on these 
improvements, a historical retreat rate (pre-1970) and a current retreat rate (post-1970) were 
determined along various locations of the bluff.  Plate 3 depicts the location of the top of bluffs on 
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the topographic map and the bluff retreat locations.  Table 5 presents the distance of retreat, time 
period of retreat, retreat rate and 100-year setback distance.  
 

 
Figure 4: Photograph of the Site, 1972 (www.californiacoastline.org) 
 

  Distance (ft) Time (yrs) Rate (ft/yr)* 
100-Year 

Setback (ft) 
Historical A 70.8 29 2.44 244 
1939-1968 B 47.6 29 1.64 164 
 C 33.9 29 1.17 117 
 D 19.9 29 0.69 69 
 E 37.7 29 1.3 130 
 F 75.7 29 2.61 261 
 G 78.4 29 2.7 270 
 * Evidence of modification by man       

  Distance (ft) Time (yrs) Rate (ft/yr) 
100-Year 

Setback (ft) 
Current 1 13.4 37 0.36 36 
1971-2008 2 12.8 37 0.35 35 
 3 9.2 37 0.25 25 
 4 21.9 37 0.59 59 

Table 3: Bluff Erosion Analysis 

As a conservative value, the bluff retreat rate is separated into western and eastern portions 
(separation boundary is located 80 feet west of profile A, see Plate 1 through 3).  The retreat rate 

SITE 
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of 0.36 feet per year is used for the western portion and 0.59 feet per year is used for the eastern 
portion. For a period of 100 years, a retreat rate of approximately 36 feet for the western portion 
and 59 feet for the eastern portion may be anticipated (0.36 feet per year x 100 years/0.59 feet per 
year x 100 years). An additional 23-foot slope stability buffer (see Section 9.1) is added to this 
100-year retreat, so an approximate setback for development based upon retreat would be 59 and 
82 feet (western portion and eastern portion respectively).  Table 4 presents erosion rates for the 
historic, current, and future periods for the Site. 

 
Table 4: Rate of Bluff Erosion 

Time Period Rate of Erosion –  
Western Portion 

Rate of Erosion –  
Eastern Portion 

Historic (pre 1970’s) Approximately 0.7 to 2.6 feet per 
year Approximately 2.7 feet per year 

Current  Approximately 0.36 feet per year Approximately 0.59 feet per 
year 

Future (development + 
100 years) 

Approximately 0.36 feet per year 
or less due to control of surface 
erosion 

Approximately 0.36 feet per 
year or less due to control of 
surface erosion 

 
According to Johnsson (2003), total development setbacks should include an additional buffer, 
generally 10 feet, that serves to allow for uncertainty in aspects of the analysis, allows for future 
increase in bluff retreat due to sea level rise, and assures that at the end of the design life of the 
structure that the foundation is not being undermined. An additional setback to the 100-year retreat 
rate would be the greater of either a 10-foot buffer or a slope stability analysis that shows 
instability greater than 10 feet.  The numerical slope stability analysis (as described in Section 9.1) 
shows that the bluff maintains a factor of safety of 1.5 or greater and that the greater of the two 
additional 
setbacks is the 
23-foot slope 
stability 
analysis. A total 
setback for the 
western portion 
of the bluff is 59 
feet, which is 
the addition of 
the 100-year 
retreat rate plus 
the 23-foot slope 
stability analysis 
and the eastern 
portion of the 
bluff is 82 feet. 
This total 
setback line is 
depicted on 
Plate 1, Site 
Engineering Geology Map and Plate 4, Setback Location. 

Table 5: Horizontal Distance from Top of Bluff to Potential Slip Surfaces 

Profile 
Static Psuedo-Static 

Factor of 
Safety 

Horizontal 
Distance* 

Factor of 
Safety 

Horizontal 
Distance* 

Profile A 1.86 21 feet 1.45 20.5 feet 
Profile B 1.5 13 feet 1.1 15 feet 
Profile C 1.5 23 feet 1.1 12 feet 
Profile D 1.5 13 feet 1.15 22.5 feet 
Profile E 2.5 27 feet 1.78 27 feet 
Profile F 2.63 22 feet 1.80 22 feet 

*Horizontal Distance refers to the horizontal distance from the top of the bluff 
to the back of the potential critical slip surface (or that slip surface associated 
with a minimum static factor of safety of 1.5 or psuedo-static factor of safety 
of 1.1). 
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8.4 Tsunami and Seiche 

Tsunamis and seiches are two types of water waves that are generated by earthquake events. 
Tsunamis are broad-wavelength ocean waves and seiches are standing waves within confined 
bodies of water, typically reservoirs. PG&E, 1988 reported that the historical record for San Luis 
Obispo County includes no tsunamis that have exceeded the normal tidal range. PG&E, 1988 
suggests that faulting on the offshore area could generate tsunami wave height as great as six feet. 
The Tsunami Inundation Map for Emergency Planning (CAL E.M.A., 2009) maps the tsunami 
potential along the bluff face southwest of the proposed developement.   

The San Luis Obispo County Safety Element states “the worst case scenario would occur if a 
tsunami occurred during a meteorological high tide (storm surge) which would add an estimated 
14.5 feet to the runup values… thus with a worst case scenario, the estimated tsunami runup for 
the 100-year and 500-year events would be approximately elevation 24 and 39 feet above mean 
sea level, respectively” (San Luis Obispo County Department of Planning and Building, 1999). 
However, a latitude specific analysis (Houston and Garcia, 1978) is more accurate for the site 
when compared to the general tsunami runup elevations presented in the referenced Safety 
Element for the County of San Luis Obispo (San Luis Obispo County Department of Planning and 
Building, December 1999). Based on the latitude of the site, the estimated tsunami runup for the 
100-year and 500-year events would be approximately elevation 5 and 7 feet above mean sea level. 
Based on a bluff height of 200 feet elevation, the potential for a 100-year and 500-year seismic 
water wave event to affect the proposed building area is still considered low. There is a low 
potential for seismically induced flooding due to the location of the property from a reservoir.  

9.0 NUMERICAL SLOPE STABILITY ANALYSIS 

9.1 Rotational Numerical Analysis 

The bluff located along the southern property line was analyzed to determine whether the existing 
coastal bluff meets the minimum requirements for slope stability. Six profiles were originally 
modeled and an additional profile was modeled where the slope configuration as changed utilizing 
SLOPE/W, a computer-modeling program. The slope stability analysis has been prepared and is 
presented in Appendix C.  

 
The static analysis resulted in a critical factor of safety (minimum factor of safety) of 1.5. The 
psuedo-static analysis resulted in a critical factor of safety (minimum factor of safety) of 1.1. In our 
opinion, the potential slip surface associated with the critical factor of safety would be a surficial 
failure. It is our opinion that this type of surficial failure would be minimized if over-slope 
drainage is diverted away from the top of the slope.     

 
The horizontal distance from the top of the bluff to the back of the slip surface for a factor of 
safety of 1.5 varied from 13 to 23 feet. The horizontal distance for psuedo-static conditions for a 
factor of safety of 1.1 varied from 12 to 27 feet. 
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9.2 Planar and Wedge Numerical Analysis 

A stereographic analysis was 
performed for the cut slopes in 
the proposed enlarge 
reclamation plan.  A 
representative of GeoSolutions, 
Inc. performed a site 
reconnaissance to obtain 
bedding orientations within the 
slope. It is understood that 
bedding data was obtained from 
surficial outcrop and that 
continuous fractures were not 
observed along the slope.  
Localized areas of highly 
fractured rock was observed and 
appeared to be friable and 
would result in a rotational 
failure. Using this surficial data, 
a stereographic analysis was 
performed to determine the 
potential for planar and wedge 
slope failures as per Norrish and 
Wyllie, 1996. Figure 5 represents the critical zone for slope failure to occur and the orientation of 
the slope face and fractures.  

9.2.1 Planar Failure Analysis 

According to Norrish and Wyllie, 1996, the four necessary structural conditions for planar 
failures are:  
 
1. The dip direction of the fracture must be within 20 degrees of the dip direction of the 

slope face. 
 
2. The dip of the fracture must be less than the dip of the slope face. 
 
3. The dip of the fracture must be greater than the angle of friction of the surface. 
 
4. The lateral extent of the potential failure mass must be defined by the lateral release 

surfaces that do not contribute to the stability of the mass. 
 
Based upon the kinetic analysis, the slope bedding within the existing bluff face are 
not within the critical zone for failure therefore the potential for planar failure is 
low.  

 
 Figure 5: Kinetic Analysis  

Slope Face 

Critical Zone 
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9.2.2 Wedge Failure Analysis 

The necessary structural conditions for wedge failures are as follows (Norrish and Wyllie, 
1996): 
 
1. The trend of the line of intersection must approximate the dip direction of the face. 
2. The plunge of the intersection must be less than the dip of the slope face. 
3. The plunge of the line of intersection must be greater than the angle of friction. 
 
Based on the kinetic analysis the slope does not meet the conditions for failure, 
therefore the potential for wedge failure is low.  

Talus slopes are observed on existing cut slopes, indicating raveling of slope material.  
Due to the hackly fractures of resilient, cemented units within the Pismo Formation there 
is a high potential for raveling to continue.  It is understood that this type of raveling is 
common, anticipated, and can be periodically graded.  Affects of this surficial instability 
have been assessed as they are included within the Bluff Erosion and Retreat Processes 
(Section 8.3) for bluff retreat.   

10.0 HAZARDS FROM GEOLOGIC MATERIALS 

10.1 Expansive Soils 

Soils were classified under the Soils Engineering Report (GeoSolutions, Inc., November 19, 2004) 
as very low to low expansion (expansion index of 6 to 41).  

10.2 Naturally Occurring Asbestos 

There is a low potential for natural occurring asbestos to be present at the property due to the depth 
of ultra-basic type rocks that occur within Franciscan Complex units.  No proposed site 
modifications are proposed near the base of the bluff that would disturb underlying basaltic type 
rock.     

10.3 Radon and Other Hazardous Gases 

The potential for radon or other hazardous gases is low due to the absence of Monterey Formation 
formational units and other identified radon producing formations.  
 

11.0 GRADING OPERATIONS, CUT AND FILL, SUBDRAINS 

Based on the presence of Squire Member sandstone encountered at the site, conventional grading 
equipment may be used for excavations. Due to the presence of near surface formational material, it is 
anticipated that the foundations will be excavated into the formational material. The concurrent Soils 
Engineering Report provides additional foundation and construction recommendations. Based on the field 
investigation, subdrains are not anticipated at this time, however this may be reevaluated at the time of 
construction. 

Construction inspections and testing during all grading and excavating operations should be performed by 
the project Soils Engineer/Engineering Geologist. Section 1705.6A of the 2013 CBC (CBSC, 2013) 
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requires the following inspections by the Soils Engineer/Engineering Geologist as shown in Table 6: 
Required Verification and Inspections of Soils: 

Table 6: Required Verification and Inspections of Soils 

 Verification and Inspection Task 
Continuous 
During Task 

Listed 

Periodically 
During Task 

Listed 
1. Verify materials below footings are adequate to achieve the 

design bearing capacity. - X 

2. Verify excavations are extended to proper depth and have 
reached proper material. - X 

3.   Perform classification and testing of controlled fill materials. - X 

4. Verify use of proper materials, densities and lift thicknesses 
during placement and compaction of controlled fill. X - 

5. Prior to placement of controlled fill, observe sub-grade and 
verify that site has been prepared properly. - X 

12.0 ADDITIONAL SERVICES 

The recommendations contained in this report are based on exploratory borings and on the continuity of 
the sub-surface conditions encountered. It is assumed that GeoSolutions, Inc. will be retained to perform 
the following services: 

1. Consultation during plan development. 

2. A preliminary plan review regarding the locations of proposed improvements and development 
once grading and drainage plans are available. 

3. Final plan review of final grading and drainage documents prior to construction. 

4. Additionally, construction observation by the Project Engineering Geologist and Soils Engineer 
may be necessary to verify sub-surface conditions during excavation activities. 

5. Final grading report and as-built map in accordance with County Guidelines for Engineering 
Geology Reports, Item 29 (San Luis Obispo County Department of Planning and Building, 2013). 

13.0 LIMITATIONS AND UNIFORMITY OF CONDITIONS 

The recommendations of this report are based upon the assumption that the soil conditions do not deviate 
from those disclosed during our study. Should any variations or undesirable conditions be encountered 
during the development of the Site, GeoSolutions, Inc. will provide supplemental recommendations as 
dictated by the field conditions.   

This report is issued with the understanding that it is the responsibility of the owner or his/her 
representative to ensure that the information and recommendations contained herein are brought to the 
attention of the architect and engineer for the project, and incorporated into the project plans and 
specifications. The owner or his/her representative is responsible to ensure that the necessary steps are 
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taken to see that the contractor and subcontractors carry out such recommendations in the field. 
Information contained within this study must be reevaluated after an engineered site plan has been 
prepared.   

As of the present date, the findings of this report are valid for the property studied. With the passage of 
time, changes in the conditions of a property can occur whether they are due to natural processes or to the 
works of man on this or adjacent properties. Therefore, this report should not be relied upon after a period 
of one year without our review nor should it be used or is it applicable for any properties other than those 
studied. 

Thank you for the opportunity to have been of service in preparing this report. If you have any questions or 
require additional assistance, please feel free to contact the undersigned at (805) 614-6333. 

Sincerely, 
GeoSolutions, Inc. 

 
Jeffrey Pfost, CEG 2493 
Project Engineering Geologist 
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PLATES 

Plate 1A, 1B - Site Engineering Geologic Map 

Plate 2A, 2B – Cross Sections 

Plate 3 – Top of Bluff Map 

Plate 4 – Setback Location 

Plate 5A, 5B – Regional Geologic Map, Wiegers, 2011 and Geologic Explanations 

Plate 6 – Regional Fault Map, Jennings, 2010 

Plate 7 – Historical Seismicity Map 

Plate 8 – Aerial Photograph, ASCS-USDA, 1939 

Plate 9 – Aerial Photograph, Golden State Aerial Surveys, 2002 

Plate 10 – Flood Insurance Rate Map, FEMA, 2012 

Plate 11 – Historical Photographs, Best, 1964 
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SLOPE STABILITY EVALUATION – AVILA BEACH DRIVE BLUFF 

The purpose of the numerical slope stability analysis was to determine the horizontal distance from the top 

of the bluff to the back of the potential slip surface for a factor of safety of 1.5 for static conditions and 1.1 

for psuedo-static conditions.  As the slope may be affected by seismic events, a dynamic loading condition 

was applied to the existing slope (pseudo-static conditions).  As stated in Guidelines for Evaluating and 

Mitigating Seismic Hazards in California (CDMG, 1997), “In California, many state and local agencies, 

on the basis of local experience, require the use of a seismic coefficient of 0.15, and a minimum computed 

pseudo-static factor of safety of 1.0 to 1.2 for analysis of natural, cut, and fill slopes.  Basic guidelines for 

making preliminary evaluations of embankments to ensure acceptable performance…were: using a pseudo-

static coefficient of 0.10 for magnitude 6.5 earthquakes and 0.15 for magnitude 8.25 earthquakes, with an 

acceptable factor of safety of the order of 1.15.” Calculations for pseudo-static numerical analysis utilized a 

seismic coefficient of 0.15 g. 

 C-1 Location of Analyzed Profile 

The natural slopes located along the southern and western property lines were analyzed to 

determine whether the stability was in conformance with industry requirements for slope stability.  

Four profiles along the southern slope and two profiles along the western slope were modeled 

utilizing SLOPE/W, a computer aided-modeling program.  Profile A through D traverse the Site 

from north to south (through the Avila Beach Drive Slope) and Profile E through F (through the 

Wild Cherry Canyon Slope) traverse the Site from west to east, refer to Plate 1, Site Engineering 

Geology Map.  The locations of the borings and the top of bluff are approximately identified on 

Plate 1. The profiles were complied and analyzed during the referenced Geologic Coastal Bluff 

Evaluation (GeoSolutions, May 30, 2008). The topography used is presented on Plate 4. 

 C-2 Modeling Conditions 

General modeling conditions included: 1) approximately 1.0 to 19.0 feet of colluvium (Qc); 2) 

underlying sandstone of the Squire Member of the Pismo Formation (Tps) and Franciscan 

Complex (Kfv); and 3) groundwater at mean high tide elevation (even though groundwater 

location from the subsurface is unknown).  

  

The Engineering Geologist determined the final profile by interpreting the surface and subsurface 

geologic conditions, 

available geologic 

map/publications, and 

observations made 

during the field 

investigation.  The 

stability analysis was 

performed utilizing the 

subsurface materials 

recovered from drilling 

operations.  The 

engineering properties 

of the materials utilized 

in the numerical 

analysis are presented 

Table C-1: Engineering Properties Utilized in Numerical Analysis 

The Numerical Analysis was Performed Utilizing Following Data: 

 

  Colluvium (Qc): 

w = 131.8- from laboratory test data (Sample A @ 1’) 

 = 25.8° - from laboratory test data (B-1 @ 0’, reduced 20%) 

         c = 88.8 psf - from laboratory test data (B-1 @ 0’, reduced 20%) 

  Squire Member of the Pismo Formation (Tpps): 

w = 124.9 - from laboratory test data (Sample C @ 10’) 

 = 26.2° - from laboratory test data (B-2 @ 13.5’, reduced 20%) 

         c = 1436.8 psf - from laboratory test data (B-2 @ 13.5’, reduced 20%) 

 Franciscan Complex (KJfm): 

      It was assumed that the slip surface would not traverse this material. 



 

             

          

 

in Table C-1.  A triaxial shear test (unconfined compressive) was performed on two samples 

within the Squire Member of the Pismo Formation and resulted in a cohesion varying from 14,924 

to 21,089 psf.  In order to obtain a factor of safety, the cohesion from an available representative 

direct shear test was utilized.  In accordance with CDMG Special Publication 117, the residual 

strength should be used for fine-grained, low plasticity materials that are likely to be subject to 

significant weathering over the life of the project.  Therefore, the peak strength values were 

reduced 20 percent and the resulting strength values utilized in the analysis was an angle of 

internal friction of 26.2 degrees and cohesion of 1436.8 psf.   

C-3 Discussion of Results of Numerical Analysis 

The critical 

factor of safety 

values for both 

static and 

psuedo-static 

conditions 

along Profiles 

A through F 

were 1.5 or 

above and 1.1 

or greater, 

respectively. 

The static 

analysis 

resulted in 

factor of safety 

values varying 

from 1.5 to 

2.63 with a 

horizontal 

distance from the top of the bluff to the back of the potential slip surface varying from 13 to 27 

feet. The psuedo-static analysis resulted in a varying factor of safety of 1.1 to 1.8 with a horizontal 

distance from the top of the bluff to the back of the potential slip surface varying from 12 to 27 

feet. The horizontal distance for Profiles A through F from the top of bluff to the potential critical 

slip surface, as well as the respective factor of safety values are presented in Table C-2. Figures C-

1 through C-6 illustrate Profiles A through F with the potential slip surfaces and their respective 

horizontal distances for static and psuedo-static conditions. 

The factor of safety values for Profile A (static and pseudo-static), Profile D (static and pseudo-

static), and Profiles E and F (static and pseudo-static) are greater than the 1.5 and 1.1 required for 

determining the horizontal distance for setback from the bluff top.  However, these values 

represent the critical factor of safety and therefore factors of safety 1.5 and 1.1 for static and 

pseudo-static analysis, respectfully, are exceeded with the modeling conditions utilized.  The 

horizontal distances for these cases were determined from the potential slip surfaces associated 

with the critical factor of safety.  

 

Table C-2: Horizontal Distance from Top of Bluff to Potential Slip Surfaces 

Profile 

Static Psuedo-Static 

Factor of 

Safety 

Horizontal 

Distance* 

Factor of 

Safety 

Horizontal 

Distance* 

Profile A 1.86 21 feet 1.45 20.5 feet 

Profile B 1.5 13 feet 1.1 15 feet 

Profile C 1.5 23 feet 1.1 12 feet 

Profile D 1.5 13 feet 1.15 22.5 feet 

Profile E 2.5 27 feet 1.78 27 feet 

Profile F 2.63 22 feet 1.80 22 feet 

*Horizontal Distance refers to the horizontal distance form the top of the bluff 

to the back of the potential critical slip surface (or that slip surface associated 

with a minimum static factor of safety of 1.5 or psuedo-static factor of safety of 

1.1). 
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Figure CA-1A: Profile A-A’ (Static Analysis) 
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Figure C-1B: Profile A-A’ (Seismic Analysis) 
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Figure C-2A: B-B’ (Static Analysis) 
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Figure C-2B: B-B’ (Seismic Analysis) 
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Figure C-3A: C-C’ (Static Analysis) 
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Figure C-3B: C-C’ (Seismic Analysis) 
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Figure C-4A: D-D’ (Static Analysis) 
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Figure C-4B: D-D’ (Seismic Analysis) 



 

             

          

 

 

 

2.50

27'

E'

File Name: Profile EE.slz

Seismic Coefficient: (none)

B-4 B-5 B-3

B-8

E

Soil: 1

Profile E

Soil: 1

Soil: 2

Soil: 3 Soil: 2

Soil: 4

Soil: 9

Soil: 5

Soil: 6

Soil: 7
Soil: 8

 (x  1000)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
-30

10

50

90

130

170

210

250

 

Figure C-5A: E-E’ (Static Analysis) 
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Figure C-5B: E-E’ (Seismic Analysis) 



 

             

          

 

 

 

C-4 Additional Numerical Analysis 

An additional analysis was performed for this report along Section G-G’ to verify the stability of the 

current bluff. As discussed in Section 1, a section of the bluff was graded in 2011 including the removal of 

material at the top of the slope and placement of fill at the base of the slope. The profile was determined 

from the current topographic map as presented on Plate 1. Laboratory results from Section C-2 was utilized 

in the analysis. The factor of safety values for Profile G (static and pseudo-static) are greater than the 1.5 

and 1.1. The global stability of the bluff is observed to be stable at the current configuration, however if 

surface water is left uncontrolled surficial instability and erosion can occur. Figure C-7A and C-7B present 

the results of the slope stability analysis on Profile G. 
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Figure C-6A: F-F’ (Static Analysis)                                    Figure C-6B: F-F’ (Seismic Analysis) 



 

             

          

 

 

Figure C-7A: G-G’ (Static Analysis)                                     

 

Figure C-7B: G-G’ (Psuedo-Static Analysis)                                     

 

 

 



 

             

          

 

APPENDIX C 

USGS Design Maps Summary and Detailed Report 
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http://ehp2­earthquake.wr.usgs.gov/designmaps/us/summary.php?template=minimal&latitude=35.1797&longitude=­120.744&siteclass=2&riskcategory=0&editi… 1/2

Design Maps Summary Report

Report Title

Building Code Reference Document

Site Coordinates

Site Soil Classification

Risk Category

User–Specified Input
Seaside Garden Cottages
Mon November 2, 2015 17:56:36 UTC

ASCE 7­10 Standard
(which utilizes USGS hazard data available in 2008)

35.1797°N, 120.744°W

Site Class C – “Very Dense Soil and Soft Rock”

I/II/III

USGS–Provided Output

SS = 1.330 g SMS = 1.330 g SDS = 0.886 g

S1 = 0.481 g SM1 = 0.634 g SD1 = 0.423 g

For information on how the SS and S1 values above have been calculated from probabilistic (risk­targeted) and
deterministic ground motions in the direction of maximum horizontal response, please return to the application and
select the “2009 NEHRP” building code reference document.

 

For PGAM, TL, CRS, and CR1 values, please view the detailed report.

http://www.usgs.gov/
http://ehp2-earthquake.wr.usgs.gov/designmaps/us/report.php?template=minimal&latitude=35.1797&longitude=-120.744&siteclass=2&riskcategory=0&edition=asce-2010&variant=0&pe50=&resultid=single.5637a3d471c3c1.35611687&reportTitle=Seaside+Garden+Cottages
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http://ehp2­earthquake.wr.usgs.gov/designmaps/us/report.php?template=minimal&latitude=35.1797&longitude=­120.744&siteclass=2&riskcategory=0&edition=… 1/6

From Figure 22­1 [1]

From Figure 22­2 [2]

Design Maps Detailed Report
ASCE 7­10 Standard (35.1797°N, 120.744°W)

Site Class C – “Very Dense Soil and Soft Rock”, Risk Category I/II/III

Section 11.4.1 — Mapped Acceleration Parameters

Note: Ground motion values provided below are for the direction of maximum horizontal
spectral response acceleration. They have been converted from corresponding geometric
mean ground motions computed by the USGS by applying factors of 1.1 (to obtain SS) and
1.3 (to obtain S1). Maps in the 2010 ASCE­7 Standard are provided for Site Class B.
Adjustments for other Site Classes are made, as needed, in Section 11.4.3.

SS = 1.330 g

S1 = 0.481 g

Section 11.4.2 — Site Class

The authority having jurisdiction (not the USGS), site­specific geotechnical data, and/or the
default has classified the site as Site Class C, based on the site soil properties in accordance
with Chapter 20.

Table 20.3–1 Site Classification

Site Class vS N or Nch su
A. Hard Rock >5,000 ft/s N/A N/A

B. Rock 2,500 to 5,000 ft/s N/A N/A

C. Very dense soil and soft rock 1,200 to 2,500 ft/s >50 >2,000 psf

D. Stiff Soil 600 to 1,200 ft/s 15 to 50 1,000 to 2,000 psf

E. Soft clay soil <600 ft/s <15 <1,000 psf

Any profile with more than 10 ft of soil having the
characteristics:

Plasticity index PI > 20,
Moisture content w ≥ 40%, and
Undrained shear strength su < 500 psf

F. Soils requiring site response
analysis in accordance with Section
21.1

See Section 20.3.1

For SI: 1ft/s = 0.3048 m/s 1lb/ft² = 0.0479 kN/m²

http://www.usgs.gov/
http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-1.pdf
http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-2.pdf
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Section 11.4.3 — Site Coefficients and Risk–Targeted Maximum Considered Earthquake
(MCER) Spectral Response Acceleration Parameters

Table 11.4–1: Site Coefficient Fa

Site Class Mapped MCE R Spectral Response Acceleration Parameter at Short Period

SS ≤ 0.25 SS = 0.50 SS = 0.75 SS = 1.00 SS ≥ 1.25

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 1.4 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F See Section 11.4.7 of ASCE 7

Note: Use straight–line interpolation for intermediate values of SS

For Site Class = C and SS = 1.330 g, Fa = 1.000

Table 11.4–2: Site Coefficient Fv

Site Class Mapped MCE R Spectral Response Acceleration Parameter at 1–s Period

S1 ≤ 0.10 S1 = 0.20 S1 = 0.30 S1 = 0.40 S1 ≥ 0.50

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.7 1.6 1.5 1.4 1.3

D 2.4 2.0 1.8 1.6 1.5

E 3.5 3.2 2.8 2.4 2.4

F See Section 11.4.7 of ASCE 7

Note: Use straight–line interpolation for intermediate values of S1

For Site Class = C and S1 = 0.481 g, Fv = 1.319
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Equation (11.4–1):

Equation (11.4–2):

Equation (11.4–3):

Equation (11.4–4):

From Figure 22­12 [3]

SMS = FaSS = 1.000 x 1.330 = 1.330 g

SM1 = FvS1 = 1.319 x 0.481 = 0.634 g

Section 11.4.4 — Design Spectral Acceleration Parameters

SDS = ⅔ SMS = ⅔ x 1.330 = 0.886 g

SD1 = ⅔ SM1 = ⅔ x 0.634 = 0.423 g

Section 11.4.5 — Design Response Spectrum

TL = 8 seconds

Figure 11.4–1: Design Response Spectrum

http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-12.pdf
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Section 11.4.6 — Risk­Targeted Maximum Considered Earthquake (MCER) Response
Spectrum

The MCER Response Spectrum is determined by multiplying the design response spectrum above
by 1.5.
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From Figure 22­7 [4]

Equation (11.8–1):

From Figure 22­17 [5]

From Figure 22­18 [6]

Section 11.8.3 — Additional Geotechnical Investigation Report Requirements for Seismic
Design Categories D through F

PGA = 0.564

PGAM = FPGAPGA = 1.000 x 0.564 = 0.564 g

Table 11.8–1: Site Coefficient FPGA

Site
Class

Mapped MCE Geometric Mean Peak Ground Acceleration, PGA

PGA ≤ 0.10 PGA = 0.20 PGA = 0.30 PGA = 0.40 PGA ≥ 0.50

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 1.4 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F See Section 11.4.7 of ASCE 7

Note: Use straight–line interpolation for intermediate values of PGA

For Site Class = C and PGA = 0.564 g, FPGA = 1.000

Section 21.2.1.1 — Method 1 (from Chapter 21 – Site­Specific Ground Motion Procedures for
Seismic Design)

CRS = 0.874

CR1 = 0.917

http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-7.pdf
http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-17.pdf
http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE-7_Figure_22-18.pdf
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Section 11.6 — Seismic Design Category

Table 11.6­1 Seismic Design Category Based on Short Period Response Acceleration Parameter

VALUE OF SDS
RISK CATEGORY

I or II III IV

SDS < 0.167g A A A

0.167g ≤ SDS < 0.33g B B C

0.33g ≤ SDS < 0.50g C C D

0.50g ≤ SDS D D D

For Risk Category = I and SDS = 0.886 g, Seismic Design Category = D

Table 11.6­2 Seismic Design Category Based on 1­S Period Response Acceleration Parameter

VALUE OF SD1
RISK CATEGORY

I or II III IV

SD1 < 0.067g A A A

0.067g ≤ SD1 < 0.133g B B C

0.133g ≤ SD1 < 0.20g C C D

0.20g ≤ SD1 D D D

For Risk Category = I and SD1 = 0.423 g, Seismic Design Category = D

Note: When S1 is greater than or equal to 0.75g, the Seismic Design Category is E for
buildings in Risk Categories I, II, and III, and F for those in Risk Category IV, irrespective of
the above.

Seismic Design Category ≡ “the more severe design category in accordance with
Table 11.6­1 or 11.6­2” = D

Note: See Section 11.6 for alternative approaches to calculating Seismic Design Category.

References

1.  Figure 22­1: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE­7_Figure_22­1.pdf
2.  Figure 22­2: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE­7_Figure_22­2.pdf
3.  Figure 22­12: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE­7_Figure_22­

12.pdf
4.  Figure 22­7: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE­7_Figure_22­7.pdf
5.  Figure 22­17: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE­7_Figure_22­

17.pdf
6.  Figure 22­18: http://earthquake.usgs.gov/hazards/designmaps/downloads/pdfs/2010_ASCE­7_Figure_22­

18.pdf


	1.0 INTRODUCTION
	1.1 Site Description
	1.2 Project Description

	2.0 CONCLUSIONS
	2.1 Geologic Conditions
	2.2 Bluff Retreat Rates
	2.3 Landslides and Liquefaction
	2.4 Faulting and Seismic
	2.5 Tsunami and Flooding
	2.6 Groundwater and Drainage

	3.0 geologic RECOMMENDATIONS
	4.0 PURPOSE AND SCOPE
	5.0 engineering geology
	5.1 Regional Geology
	5.2 Local Geology
	5.2.1 Surficial Units
	5.2.2 Formational Units

	5.3 Surface and Groundwater Conditions
	5.4 Active Faulting and Coseismic Deformation
	5.4.1 San Luis Bay Fault
	5.4.2 San Miguelito Fault

	5.5 Landslides
	5.6 Flooding and Severe Erosion
	5.7 On-site Septic Systems
	5.8 Hydrocollapse of Alluvial Fan Soils

	6.0 Seismology and calculation of earthquake ground motion
	6.1 Seismic Hazard Analysis
	6.2 Structural Building Design Parameters

	7.0 Liquefaction
	8.0 coastal hazards
	8.1 Bluff Erosion and Retreat Processes
	8.1.1 Surficial Drainage
	8.1.2 Coastal Configuration
	8.1.3 Seismicity

	8.2 Bluff Retreat Rates
	8.3 Aerial Photo Analysis
	8.4 Tsunami and Seiche

	9.0 NUMERICAL SLOPE STABILITY ANALYSIS
	9.1 Rotational Numerical Analysis
	9.2 Planar and Wedge Numerical Analysis
	9.2.1 Planar Failure Analysis
	9.2.2 Wedge Failure Analysis


	10.0 Hazards from geologic materials
	10.1 Expansive Soils
	10.2 Naturally Occurring Asbestos
	10.3 Radon and Other Hazardous Gases

	11.0 Grading operations, cut and fill, subdrains
	12.0 ADDITIONAL SERVICES
	13.0 LIMITATIONS AND UNIFORMITY OF CONDITIONS



